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Abstract
The urban areas discomfort is related to the increase of local temperatures due to the geometrical characteristics and thermal 
properties of the built environment. This study shows the results of a FEM analysis through which a urban canyon geometry has
been modelled. A 3D domain has been considered taking into account three different wind directions and to geometrical parameters 
variation, such as the aspect ratio (Height- Width) and the urban canyon length.
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1. Introduction
The urban areas discomfort is related to the increase of local temperatures due to the geometrical and thermal 
characteristics of the built environment. It is well known that some geometrical parameters influence the thermal 
conditions inside urban areas [1] and one of the main effects of current built environments is the so-called "urban heat 
island" [2]. This phenomenon can be related to the road geometrical characteristics, building façades features and, 
finally, to the lack of wide-open spaces [3]. Urbanization has led to an increase of the heat island effect, due to the 
reduction of green areas in urban environment [4]. The built environment influences buildings energy performance [5-
22], dynamic characteristics and thermal properties of air masses, which are related to the quantity, size and distance 
of buildings. An urban canyon is a place where the street is flanked by buildings on both sides creating a canyon-like 
* Corresponding author. Tel.: +39-06-5733-3289.
E-mail address: gabriele.battista@uniroma3.it
Available online at www.sciencedirect.com
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of ATI 2014
12   Gabriele Battista et al. /  Energy Procedia  81 ( 2015 )  11 – 21 
environment. Such an environment has an impact on various local conditions: temperature, wind and air quality. Low 
natural ventilation caused by structures leads to a superheating phenomenon, which facilitates disadvantages during 
the summer [23].
Ideally a street canyon is a relatively narrow street with tall, continuous buildings on both sides of the road. But 
now the term urban canyon is used more broadly and the geometrical details of the street canyon are used to categorize 
them.
The environmental conditions in urban areas can be analysed through a model described by a road and two 
buildings, one in front of the other. This model is well described by some geometrical characteristics:
x the building height (H);
x the road width (W);
x the road length (L).
Through these parameters an urban canyon classification becomes possible. The most important geometrical detail 
about a street canyon is the ratio of the canyon height (H) to canyon width (W), H/W, which is defined as the aspect 
ratio, different H/W ratios strongly influence air quality and environmental conditions. The value of the aspect ratio 
can be used to classify street canyons as follows:
x Regular canyon - aspect ratio §
x Avenue canyon - aspect ratio < 0.5;
x Deep canyon - aspect ratio §2.
A sub-classification of each of the above can be done depending on the distance between two major intersections 
along the street, defined as the length (L) of the street canyon:
x Short canyon - L/H §3;
x Medium canyon - L/H § 5;
x Long canyon - L/H § 7.
Nomenclature
ȡ Density [kg/m3]
u velocity [m/s]
p Pressure [Pa]
ȝ Dynamic viscosity [Pa s]
F Volume force [N/m3]
Cp Specific heat capacity at constant pressure [J/kgK]
T Temperature [K]
Kv Thermal conductivity [W/mK]
k Turbolence kinetic energy [m2/s2]
İ Turbolence dissipation rate [m2/s3]
ȝT Turbolence viscosity [Pa s]
z0 Aerodynamic roughness length [m]
kS Sand-grain roughness height [m]
Cs Roughness constant
Ta Ait temperature for validation [K]
Tf Ground temperature for validation [K]
u0 Wind velocity for validation [m/s]
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During the last years many studies have been conducted on different geometrical configurations of urban canyons
and their influence on the local conditions, in terms of pollution, temperature increase and, more in general, 
environmental conditions [24-29].
In our study a 3D model of an urban canyon has been realized and several simulations have been performed applying 
a FEM analysis, investigating the influence of different H/W ratio, length and wind direction variations on the 
environmental conditions.
2. Numerical model
The simulations have been performed under steady state conditions with Reynolds-averaged Navier–Stokes 
(RANS) equations according to the k–İVWDQGDUGPRGHO7KHJRYHUQLQJHTXDWLRQVDUHGHVFULEHGEHORZ[30].
Conservation of momentum:
    2
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Conservation of mass:
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Conservation of energy:
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where u is the averaged air velocity, U is the air mass density, µ is the air dynamic viscosity, I is the unitary tensor, 
F is the volume force vector, p is the air pressure, Cp is the specific heat capacity at constant pressure, T is the air 
temperature, kv is the thermal conductivity.
The k-İPRGHOLQWURGXFHVWZRDGGLWLRQDOWUDQVSRUWHTXDWLRQVDQGWZRGHSHQGHQWYDULDEOHVWKHWXUEXOHQWNLQHWLF
energy k, and the turbulent dissipation rate, İ. The turbulent viscosity is modeled as
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where PC is a model constant. The transport equation for k reads:
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where the production term is
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The operation “:” denotes a contraction between tensors defined by:
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where the PC , 1CH , 2CH , kV , HV are constants determined from experimental data [31].
Furthermore, the implemented CFD model is described by geometrical features. Regarding the urban canyon taken 
into account, three different H/W ratio values (equal to 0.5, 1 and 4) and three different road length values (equal to 
60, 100 and 140 m) were considered. All geometrical models are characterized by buildings width and height equal 
to 20 m. Tominaga [32] wrote a guideline for the CFD use in which the computational domain dimensions were 
chosen in relation to the buildings height (H), as shown in Fig. 1.
Fig. 1. 3D computational domain dimensions.
To simulate the ground influence, the computational domain has been extended for 5m under this one.
The materials properties used in the model are listed in Table 1.
Table 1. Materials properties.
Element Mass density 
(kg/m3)
Specific heat 
capacity 
(J/kgK)
Thermal 
conductivity 
(W/mK)
Temperature at
-5m (K)
Temperature 
(K)
Velocity 
(m/s)
Ground 1000 1000 2 288.15 - -
Buildings wall 1000 1000 0.15 - - -
Undisturbed air - - - - 303.15 2
The ground roughness values (e.g. the sand-grain roughness height ks (m) and the roughness constant Cs), were 
determined using the consistency relationship with the aerodynamic roughness length z0 derived by Blocken [33]. The 
values selected for this study are ks = 1m and Cs = 0.5. Regarding the building façades, no specific roughness was 
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considered. The resulting z0 value (Eq. (9)) is 0.05 m. It has been considered that this value properly represents the 
outer region roughness.
09.793  S
S
z
k
C
(9)
The initial values implemented in the computational domain are the outcomes of several simulations, whose are 
the results of the solver convergence phase. The initial values were set equal to 79°C for the solid domain, 30°C for 
the fluid domain, and the turbulent kinetic energy and the turbulent dissipation rate were set equal to zero.
The mesh of the model is composed by tetrahedral cells. The mesh is more dense near the ground and around the 
buildings to better describe the urban canyon. Considering the canyon geometry characterized by a H/W ratio equal 
to 1 and a canyon length equal to 100m, the average mesh quality is about 0.7471. The mesh quality provides the 
geometrical distortion of a cell through the spatial difference between the cell nodes (for instance an “ideal” 2D cell 
is characterized by an equilateral triangle or a square). It is worth to notice that the given mesh quality value is good 
for a fluid dynamic computational model. The number of cells implemented in the simulation comes from many 
simulations carried out in order to achieve the convergence in the middle of the canyon for both velocity and 
temperature profile.
3. CFD model Validation
The numerical model validation was assessed through the comparison with the wind tunnel experiment performed 
by Uehara [34]. In this study the numerical validation test, considering H/W = 1 and L = 100m, was carried out. The 
air temperature Ta was set equal to 20°C (293.15 K); the ground temperature Tf was set equal to 79°C (352.15 K), the 
inflow wind speed u0, perpendicular to the buildings façades, was set equal to 1.5 m/s, in order to reproduce the 
experimental tests conditions. The comparison between the data obtained by means of wind tunnel experiments and 
numerical test are shown in Fig. 2, where the simulated data are referred to the mean value related to the vertical lines 
in the center of the canyon. In Fig. 2a the vertical profile of the normalized horizontal velocity u/u0 is shown, in Fig. 
2b the vertical profile of normalized temperature (T-Tf)/(Ta-Tf) is illustrated. As Lei [35] shows, the agreement between 
the numerical model and the wind tunnel experiment is good, although the numerical model overestimates the wind 
speed and temperature values.
(a) (b)
Fig. 2. Comparison between the simulated data and the observed data by Uehara (2000) [34]. (a) vertical profile of normalized horizontal 
velocity u/u0, where u0 is the reference horizontal wind speed; (b) normalized vertical profile temperature (T-Tf)/(Ta-Tf) along the center line of 
the street canyon, where Tf and Ta are the ground temperature and the air inlet temperature, respectively.
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4. Results and Discussion
In order to evaluate the effect of the geometrical parameters H/W and L/H variation on the street canyon climate 
conditions, a comparison between several steady-state simulations was performed. As it can be seen in Table 2, each 
case study is characterized by an H/W value and for each aspect ratio three different canyon lengths have been 
considered (L=60 m, L=100 m, L=140 m). In order to investigate the wind effect on the different canyon geometrical 
configurations three canyon orientations have been taken into account (Fig.3).
Table 2. Case studies conditions.
H/W 0.5 1 4
Canyon Orientation
L = 60 m 0°, 45°, 90° 0°, 45°, 90° 0°, 45°, 90°
L = 100 m 0°, 45°, 90° 0°, 45°, 90° 0°, 45°, 90°
L = 140 m 0°, 45°, 90° 0°, 45°, 90° 0°, 45°, 90°
The wind effect on buildings, for each case study, is described by a laminar air flow characterized by a velocity 
equal to 2 m/s and a temperature equal to 30°C (303.15 K). 
Fig. 3. Analyzed canyon orientations.
Fig. 3 shows the canyon orientation taken into account and the three vertical lines (each 20m high), placed on the 
road axis, over which measurements have been performed.
Fig. 4 shows for different canyon geometrical characteristics taken into account the results related to the 0° 
orientation. The abscissa axis shows the air velocity values and the ordinate axis shows the z/H ratio, where z is the 
height above the road level. It is possible to observe the same trend for the aspect ratio equal to 1 and 4 in which the 
velocity values are very low, ranging between 0.1 and 0.5 m/s, velocity values higher than these are shown only for
z/H bigger than 0.9. Only for the canyons characterized by H/W equal to 0.5, for each length, the vertical velocity 
variation for each measurements line is higher than the other cases. Moreover, it is worth to notice that air velocity 
can reach values equal to 1 m/s also for low z/H ratios. This could be expected because the distance between buildings 
façades is very large and this leads to a major turbulence. 
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L=60 m
          H/W=0.5 H/W=1          H/W=4
L=100 m
          H/W=0.5 H/W=1          H/W=4
L=140 m
          H/W=0.5 H/W=1          H/W=4
Fig. 4. Vertical velocity profile referred to a canyon orientation equal to 0°. The blue line is placed in the middle of the canyon, the green and the 
red lines are placed at 10 m from the two openings (see Fig.3).
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L=60 m
          H/W=0.5 H/W=1          H/W=4
L=100 m
          H/W=0.5 H/W=1          H/W=4
L=140 m
          H/W=0.5 H/W=1          H/W=4
Fig. 5. Vertical velocity profile referred to a canyon orientation equal to 45°. The blue line is placed in the middle of the canyon, the green and 
the red lines are placed at 10 m from the two openings (see Fig.3).
 Gabriele Battista et al. /  Energy Procedia  81 ( 2015 )  11 – 21 19
L=60 m
          H/W=0.5 H/W=1          H/W=4
L=100 m
          H/W=0.5 H/W=1          H/W=4
L=140 m
          H/W=0.5 H/W=1          H/W=4
Fig. 6. Vertical velocity profile referred to a canyon orientation equal to 90°. The blue line is placed in the middle of the canyon, the green and 
the red lines are placed at 10 m from the two openings (see Fig.3).
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Fig. 5 shows the result related to the 45° orientation. These cases are characterized by a higher air velocity variation 
along z than the previous case. It is possible to notice that, when the H/W is equal to 4, the canyon length increase 
causes significant velocity variation along the three different measurement lines from 0.3 to 1.5 m/s. Canyons 
characterized by an aspect ratio equal to 1 show the same trend, air velocity values ranging from 1 to 1.5 m/s. Finally, 
canyons characterized by an aspect ratio equal to 0.5 show air velocity values ranging from 1 to 2 m/s and the largest 
air velocity variations occur for high z/H values, despite what happen for H/W = 4 where these changes are inverted.
Fig. 6 shows the result related to the 90° orientation. In these cases when H/W is equal to 0.5 the trend is equal 
along each measurements line. Instead, when H/W value increases the air velocity variations increase too. Indeed, for 
aspect ratio equal to 4, the vertical velocity values ranging from 0.7 to 2.5 m/s. All these results are strongly 
independent from canyon length. 
Considering the whole set of data, for the same canyon length, it is worth to notice that air velocity values 
significantly increase for the canyon orientation move from 0° to 90°.
5. Conclusions
In this study several numerical simulations of different urban canyon configurations in a 3D domain have been 
carried out. The simulated scenarios have been performed under steady-state condition along three vertical 
measurement lines, by taking into account different H/W ratio values, canyon lengths and wind directions. These 
different features aim at investigating the relationships between the urban canyon configuration and the wind direction. 
The results points out that the air velocity values are independent from the canyon length. When the wind direction 
changes the air velocity values increase, moving from about 0 m/s to 2.5 m/s, in spite of an air inflow velocity equal 
to 2 m/s. When the wind direction is not perpendicular to the buildings façades the air velocity values are high with a 
subsequent advantage in terms of air pollutions: the canalized air flows allow a pollution agents decrease. 
Future developments of this research, currently under investigation, aim to analyze asymmetric canyon 
configurations where buildings that make the canyon have significant height differences. The research group is also 
studying the relationship between the urban canyon and the surrounding built environments.
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